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Background
Nigeria, a nation once flaunted as the "Giant of Africa", is at present battling with a rising incidence of unemployment and poverty, with as much as 21.1% of the economically active people reported as unemployed in 2010 (NBS, 2011) while 64.4% of the populace lived below the US$1.25 income poverty line in 2008 (UNDP, 2010) . The poor in Nigeria are reported to be predominantly rural dwellers and households that rely mainly on agricultural means of sustenance (World Bank, 2000; FOS 1999; NBS (2012) ; Babatunde, et al. 2008) . Moreover, socio-economic conditions in most rural communities in Nigeria are generally poorer that what obtains in the cities: hence rural-urban migration has been a strategy adopted by many in a bid to escape poverty (Okali et al., 2001) .
Evidence in literature suggest that rural urban migration in Nigeria is massive, with as much as about 38% of the economically active members of the rural farm families in Southwest Nigeria reported to have migrated to the urban centres (Shittu, 2011) . This massive rural out-migration has been a major cause of rapid urbanisation and congestion of Nigerian cities; leading to urban squalor and poverty, housing shortages, and pollution (DFID, 2004) , while many that could not find job sometimes resort to crime making most Nigerian cities very dangerous, especially at nights (USAID, 2002) . Moreover, rural out-migrants in Nigeria are predominantly the youths, male-folks and educated members of the rural farm households as well as artisans and other skilled workers in the rural sector (Okali et al., 2001; DFID, 2004 , Shittu, 2011 . Thus, ruralurban migration in Nigeria has meant that the rural areas are often left with a demographically unbalanced population of women, younger children, and older people (Okali et al., 2001; DFID, 2004) . It also denies the rural sector the much-needed human capital, reduces availability of farm labour (Ogwumike and Aramolaran, 2000) , and thereby tends to weaken productivity and income levels in the sector. The fact that unemployment level in Nigeria is now much higher in the urban sector than what obtains in the rural areas is also worrisome.
Against the above background, there is a rising believe among policy analysts, academia and government functionaries that provision of urban-type employment opportunities in the rural areas may be a veritable means of addressing the multifaceted problem of poverty, urbanisation and unemployment in Nigeria. This view is supported by FAO (1998) , Matshe and Young (2004) , and many others that have observed that given the limitations imposed by the fixed stock of land and increasing urbanisation, provision of opportunity for involvement of members of rural farm households in rural non-farm activities might turn out to be a means of creating favourable conditions to reduce poverty in the rural areas. Goldsmith, et al. (2004) also observed that growth in the rural non-farm activities might also be used to stem rapid rural-urban migration and the attendant urban poverty in most developing countries.
This paper presents empirical evidences on the types of off-farm employment opportunities available to rural farm households in Southwest Nigeria, returns to household labour supply use within the rural farm and non-farm sectors, and implications of the labour use patterns on farm household production efficiency in the study area. The remaining part of the paper is organised thus: A brief review of literature is presented in Section 2, followed by the theoretical framework Section 3. The study methodology is presented in section 4 followed by the results and their discussions in section 5, while the final section summaries the main evidences and conclusions from the study.
Literature review
A wide range of empirical studies have examined issues relating to off-farm labour supply and the implications on household welfare. Lanjouw and Lanjouw (2000) , in a review of some of these studies, observed that while the rural non-farm sector was traditionally viewed as a low-productivity sector producing low quality goods that are expected to wither away as a country develops, recent years have seen a shift away from this position towards recognition of the fact that the rural non-farm sector can, and often does, contribute to economic growth, rural employment, poverty reduction, and a more spatially balanced population distribution.
The most common evidence from most studies of off-farm work among farm households has been that income from off-farm work accounts for significant and increasing proportion of total income of farm households in the developing countries (Anderson and Leiserson, 1984; Jacoby 1993; Newman and Gertler, 1994; Lanjouw, 2000; Escobal, 2001; Shittu, et al., 2006; Haggblade, et al. 2010; Shittu, 2011; and many other) . Recent estimates by Haggblade et al. (2010) put the non-farm share of the total income of rural households in the developing countries in the range of 35% and 50%, with the contributions among rural households in sub-Saharan Africa expected to rise significantly in the coming years given the increasing population growth and limited agricultural productivity growth in the region.
Evidences in literature suggest that a key motivation leading to off-farm labour supply among farm households in both the developed and the developing country has been the desire to have a diversified sources of income and manage risk (Chang and Mishra (2008) . Hazell and Hojjati (1995) as well as Chavas, et al., (2005) , among others, have also reported that given the very weak capital market in most developing countries, many farm households in the often resort to off-farm work to raise cash with a view to relaxing their cash flow and liquidity constraints. This view is supported by evidences in Stampini and Davis (2009) as well as Pfeiffer, et al. (2009) that reported that households engaged in off-farm activities were able to spend significantly more on seeds, services, hired labour, and livestock inputs, which confirms that off-farm income relaxes credit constraints in agriculture.
Focusing on impacts of off-farm work, available evidence suggests that increased participation in off-farm work among members of farm households is associated with higher incomes as well as improved food consumption, nutrition and food security (Chang and Mishra, 2008; Babatunde and Qaim, 2010; Owusu et al., 2011) . It was also reported as linked to significant reduction in variance of total income (Schultz, 1990) as well as reduction in intensity of agricultural production (Phimister and Roberts, 2006; Huang et al., 2009; Shi et al., 2011; Owusu et al., 2011) with positive environmental impacts due to reduction in the use of certain agrochemicals that impact negatively on the environment (Phimister and Roberts, 2006) .
Despite the common evidences that income from non-farm sources helps in relaxing financial constraints on farm households and enhancing farm investment, evidences on the impacts on domestic food supply, production efficiency and household welfare, in general, remain quite conflicting. For example, while Lien et al., (2010) reported that off-farm income had a positive effect on farm output but no systematic effect on farm technical efficiency, Pfeiffer, et al. (2009) reported that off-farm income has negative effect on agricultural output and the use of family labour on the farm, but positive impact on use of purchased inputs and confer a slight efficiency gain on farm households participating in off-farm activities. Shi et al. (2011) , however, found that the negative lost-labour effect is much stronger than the (small) positive income effect while Holden et al. (2004) reported that access to non-farm income in less favoured Ethiopian highlands reduces farm households' incentives to invest in conservation and this leads to more overall soil erosion and more rapid land degradation even though intensity of production is reduced.
While Chang and Wen (2011) reported that off-farm work is not necessarily associated with lower (or higher) technical efficiency, they noted that farmers with off-farm work face higher production risk. They reported, however, that for farmers in the lower percentiles of the efficiency distribution, those with off-farm work are more efficient than their counterparts without off-farm work. Similarly, Chavas, et al. (2005) , in a study of farm households in Gambia found that a significant part of a substantial allocative inefficiency that exists in the production systems of the farm households comes from inefficiency in labour allocation between farm and non-farm activities. They noted however, that in the presence of weak capital market in Gambia, off-farm activities acts to relax cash flow and liquidity constraints.
Wandschneider (2003) in a review of several studies of non-farm employment in developing countries of Africa and South Asia as well as the Transition Economies observed that a significant proportion of rural households and entrepreneurs in the studied regions do not only lack many of the required assets to successfully engage in non-farm employment, but also operate in a relatively adverse environment, characterised by limited opportunities both within and outside the farm economy. Consequently, he concluded that diversification into non-farm economic activities in all studied regions were largely out of necessity (distress-push) rather than as a response to remunerative wage employment and high return business opportunities (demandpull). Similarly, Lanjouw (2001) in a study in rural El Salvador found that the poor were mainly engaged in "last resort" non-farm activities.
In summary, evidences in existing body of literature seem to suggest that while offfarm income accounts for significant and increasing share of total income of rural farm households in the developing countries, the implications on efficiency of household resource allocation, food supply and overall household welfare remain uncertain, and vary widely by locality and socio-economic environments. While for some, off-farm labour supply might be a response to remunerative wage employment and high return business opportunities, for many, working off-farm may be borne out of necessity to seek ways and means to relax credit constraints, raise supplementary income to complement what obtains from the farm most especially during lean seasons, or otherwise. Therefore, bearing in mind the likely presence of rigidity in rural off-farm labour market and/or reliance on joint technology for farm and off-farm activities among the ruralfolks, more empirical evidences are required to assess the implications of off-farm labour supply on efficiency of resource allocation and household welfare. This study is an effort along this direction, with focus on resource poor farm households in rural Southwest Nigeria.
Conceptual framework
The conceptual framework for this study is based on a variant of agricultural household models developed in Chavas, et al. (2005) . Reliance on agricultural household modelling framework is in recognition of the fact that the semi-commercial nature of smallholder agriculture in the developing countries makes it imperative that the production, consumption and labour allocation decisions of the farm households are interdependent. The framework is further justified given the well-documented evidences of labour market imperfection in the developing countries and/or the fact that farm households may rely on joint technology for their farm and off-farm activities. The framework, as developed by Chavas, et al. (2005) , may be summarised as follows:
Consider a farm household with m family members making production, consumption, and labour allocation decisions during a specific time period. Let F = (F 1 , … F m ) and L = (L 1 , …, L m ) be the amount of labour supplied by the m family members in pursuit of the household farm and off-farm activities respectively; and H, the amount hired labour hired and used in conjunction with the non-labour inputs x (including land) and F to produce the vector of farm output, y in addition to the off-farm income, N earned from L. The technology facing the household is represented by the feasible set X, where (x, F, H, L; y, N) ∈ X means that inputs (x, F, H, L) can feasibly produce outputs (y, N), and farm and off-farm labour productivity is allowed to vary across family members.
If the total amount of time available to any family member over a time period is T; and the m family members can allocate their time between leisure activities I = (l 1 ,…, 1 m ), on-farm labour F = (F 1 , …, F m ), and off-farm employment L = (L 1 ,…, L m ), the time constraint facing each family member can be written as:
If the farm-household consumes goods z, purchased at market prices q, and faces competitive markets for its products and inputs with p as the price vector for farm outputs y, r the price vector for non-labour inputs x, and w the wage rate for hired labour H, the household consumption decisions would be made subject to the budget constraint, which requires that consumer expenditure (q′z) cannot exceed the net farm income (p′y -r′x -wH) plus the non-farm income (N). That is:
Therefore, if it is assumed that household members make production, consumption, and labour allocation decisions under cooperative bargaining, and that members' preferences can be aggregated into a non-satiated and quasi-concave "social utility function" function U(z, l) defined over (z, l) ≥ 0, reflecting their relative bargaining power; then, the household decisions may be analysed based on the following optimisation problem: max x;F;H;L;y;N U z; l ð Þ : Chavas, et al. (2005) asserted that under non-satiation of the utility function U(z, l), the budget constraint (2) is necessarily binding, and the optimisation problem (3) can be decomposed into two stages: first, choose (x, F, H, L; y, N); and second, choose (z, l).
The first stage optimisation with respect to (x, F, H, L; y, N) can be written as:
where (T -l) ≡ (Tl 1 , …, T -1 m ) are the amounts of time the m family members spend working either on or off the farm. Equation (4) establishes profit maximization with respect to the household choice of (x, F, H, L, y, N), with π(p, r, w, T -l) being the indirect profit function conditional on (T -l). Chavas, et al. (2005) drew attention to the fact that for a given amount of time allocated to work by household members (T -l), a failure to maximize profit would reduce household income, which would restrict consumer expenditure (from equation (2)), and which under non-satiation, would make the household worse-off. Thus, a failure to maximize profit would be inconsistent with household utility maximization.
Furthermore, considering that solution to (4) would yield the profit maximizing input and labour decisions, x * (p, r, w, T -l), F * (p, r, w, T -l), H * (p, r, w, T -l), and L * (p, r, w, T -l) as well as the profit maximizing outputs decisions, y * (p, r, w, T -l) and N * (p, r, w, T -l) that together with the profit function π(p, r, w, T -l) do not depend on consumption levels z, we find that production decisions are "separable" from consumption decisions. Hence, analysis of the production and consumption decisions of farm households can be undertaken separately as a two stage problem, starting with the profit maximisation problem (4) as a first stage optimisation.
The profit function π(p, r, w, T -l) and production decisions, y * (p, r, w, T -l) and N * (p, r, w, T -l) are, however, jointly dependent on the amount of time available for work, (T -1). Note also that equation (4) includes farm and non-farm activities, both in terms of labour allocation (F and L) and income (p'y and N) at the household level. It involves the general technology X, allowing for joint household decisions between farm and non-farm activities. Hence, decisions on labour allocation between farm and off-farm activities are dependent, and have to be jointly resolved within the profit maximisation problem (4). Chavas, et al. (2005) pointed out that examples of jointness in farm and off-farm activities include skills acquired in non-farm employment that improve farm management, and non-farm income that reduces the adverse effects of credit market imperfection on farm decisions. Now, given that utility maximization (3) implies profit maximization (4) as a first stage optimisation, the second stage decisions with respect to (z, l) becomes:
Equation (5) is a standard utility maximization problem subject to the household budget constraint. Combining the two stages (4) and (5) is fully consistent with utility maximization (3). Chavas, et al. (2005) noted that the profit maximization (4) is the relevant framework to analyse production efficiency at the household level. They observed that in the presence of market imperfections and/or poor managerial skills, it is possible that households may not behave in a way consistent with (4) because they do not or cannot respond to economic incentives. They concluded thus, that economic analysis based on (4) could yield useful insights into the nature and causes of economic inefficiency. They stressed further, that the profit maximization problem (4) implies the following revenue maximization:
where R(p, x, F, H, L, X) is the revenue function, conditional on inputs (x, F, H, L). This suggests that analysis of production efficiency of farm households that exhibits significant off-farm labour market participation can be undertaken by focusing on output decisions, conditional on available inputs (x, F, H, L). Chavas, et al. (2005) pointed out that equation (6) assumes only well-functioning output markets. And, that this is important in the sense that analysis of farm household production efficiency, such as would be undertaken in this study, remains valid in the presence of factor market imperfections.
Given a representation of the production possibility frontier of a household involved in both farm and off-farm activities that is characterized by the use of inputs (x, F, H, L) in producing outputs (y, N). Chavas, et al. (2005) observe that the output based technical efficiency index, TE, is defined as:
Where 0 ≤ TE ≤ 1, and TE = 1 when the household is producing on the production frontier and is said to be technically efficient, while TE < 1 shows the farm is not technically efficient.
Similarly, the allocative efficiency index, AE, with respect to farm outputs may be defined as:
where (y/TE, N/TE) is a technically efficient output vector. In general, 0 ≤ AE ≤ 1, where AE = 1 represents a revenue maximizing firm that is allocatively efficient with respect to outputs, and AE < 1 shows that the farm is not allocatively efficient.
Methods

Data collection method
This study was based on primary data obtained in a cross-section survey of rural farm households in Ogun and Oyo states, in the Southwest rainforest zone of Nigeria. The respondent farm households were drawn in a three-stage sampling process that yielded a total 537 rural farm households. These were drawn across 80 randomly selected rural communities/villages in eight randomly selected Local Government Areas (LGAs) among those that are predominantly agrarian and rural in Ogun and Oyo states in Nigeria. The selected LGAs include Obafemi-Owode, Ijebu-North, Remo-North and Yewa South LGAs in Ogun state; and Oluyole, Ibarapa-East, Oyo-West and Saki-West
LGAs in Oyo state. It is instructive to note that in Nigeria, an area is considered urban if its human population is at least 20,000 and/or if it is located within a local government's or state's headquarter town or within the Federal Capital Territory (Okali, et al., 2001) , otherwise it is considered rural. However, areas designated as villages/farming communities on the maps of the various LGAs were typically with human population below 3000, and are mostly in remote locations from the urban centres. The study respondents were drawn from these "small" and remote communities. The mean distance (± standard error) of the sampled communities to the nearest town /LGA headquarters was 11.22 ± 0.41 kilometres; with only about half (54.2%) linked to the nearest town/LGA headquarter by a paved road, 52.7% linked to the national electricity grid and 43.7% having access to portable water either through the public tap (10.7%) or public borehole (32.6%) (See: Shittu, 2011) .
Relevant data on socio-economic (community and household) characteristics, household labour and other resource use in both farm and non-farm activities during the 2005/2006 production season, and the associated costs, returns, outputs, and prices, among others were collected with the aid of a structured questionnaire/interview schedule. Information supplied by some of the respondents was considered inconsistent and/or incomplete, such that only data from 489 farm households were included in the final analysis.
Model specification
In this study, a stochastic conditional revenue frontier (9) was specified and estimated jointly with a production inefficiency equation (10). The estimated model may be stated as follows:
where, Y i is logarithm of total household income, including farm income and off-farm labour income (₦), X is a vector of the logarithm of explanatory variables, including selected product prices, quantities of conventional inputs used, household labour and hired labour.
β is a vector of unknown parameters; v i is a random disturbance term, which is assumed to be identically, independently and normally distributed with mean 0 and variance σ v 2 , and independent of u i ; u i is a non-negative random variable assumed to account for production inefficiency across farm households, and is assumed to be independently distributed as truncations at zero of the N(m i ,σ u 2 ) distribution; where the means of u i, m i is defined as follows:
Details of variables included in equations (9) and (10) as well as their descriptive statistics based on the study data are presented in Table 1 .
A-priori expectations
A-priori, it is expected that coefficients of all the variables in the conditional revenue frontier will be positive, since increased use of factors and higher prices are expected to lead to increase in farm household income, ceteris paribus. Focusing on the inefficiency equation, however, it is expected that coefficients Z 8 and Z 9 would be positive, given that farm fragmentation (Z 8 ) and having to trek long distances to farm (Z 9 ) tends to raise production inefficiency. Coefficients associated with education (Z 3 ) and youth factor (Z 4 ) as well as those of asset income (Z 10 ), remittances received from migrants (Z 11 ) and total credit received (Z 12 ) are expected to be negative; since education, youthfulness and access to financial capital are expected to enhance productivity (production efficiency) in agriculture. Coefficients of other variables could take on either positive or negative signs depending on their influence on farm household production efficiency.
Results and Discussion
As background information, Table 2 provides key socio-economic information on the 489 sampled farm households included in the study. As shown on the Table 2 , an average household in the sample was composed of six members, three (3) of which were economically active. These households are generally resource poor, with the members jointly cultivating an average of 1.83 hectares of land, and raising an average of 0.36 animal units of livestock. This is equivalent to about four (4) sheep/ goats/pigs or 36 chickens.
Returns to household labour use in farm and off-farm sectors Table 3 summarises the pattern of returns to farm and off-farm activities undertaken by members of the sampled farm households during the 2005/2006 farming season, while Table 4 present results of t-tests/F-tests of differences between the mean incomes across different mix of livelihood strategies employed.
As shown on Table 3 , 47.1%of the sampled rural farm households derived some income from off-farm labour sources, with only 10.1% having at least one member engaged in formal employment. With regards to the relative contributions of the various labour and non-labour income sources to an average rural farm household's income, results on Table 3 shows that labour supplied to the non-farm sector by members of the sampled rural farm household accounted for 27.6% of the farm households labour based income (estimated at ₦282, 263.54 per annum) and 21.9% of gross income (estimated at ₦356, 748.68 per annual). Arable crop production accounted for the largest share of an average sampled farm household's annual gross income (30.6%) as well as total labour income (38.7%), followed by tree crops production. Overall, efforts put into the household farms yielded an average of ₦175, 638.21 per annum per household, accounting for 49.2% of an average farm household's annual gross income and 62.2% of total income from members work efforts. As shown in Table 4 , ANOVA results show that significant differences exists at p < 0.01 between the mean farm income of some categories of the sampled rural farm households when grouped across the kind of farm enterprise they were involved in during the 2005/ 2006 production season. Results of Duncan multiple range tests show that the sampled farm households may be classified into three homogeneous subsets, distinguished on the table by superscripts a, b and c. Households that cultivated both arable and tree crops recorded the highest mean farm income (₦230, 586.35) and fell in the highest income group while those that focused on tree crops and/or livestock only recorded the lowest income (₦61, 556.07) fell in the least farm income group. Similar analysis in respect of off-farm labour supply mix also shows that significant differences exist at p < 0.01 between the mean off-farm income some groups of the sampled rural farm households. Farm households that had at least one members involved in paid employment in addition to trading and/or artisanship recorded the highest off-farm income (₦357, 269.22), and were placed in a separate (and the highest) off-farm income group, based on results of Duncan multiple range tests. Meanwhile, farm households whose members concentrated on only one line of off-farm activities except paid employment (i.e. artisanship only, trading only or services only) fell in the lowest off-farm income group. Furthermore, result of t-test conducted in respect of total labour income shows that farm households whose members participated in off-farm activities recorded, on the average, an annual labour income of ₦383, 162.75, which is significantly higher at p < 0.01 than the ₦192, 371.76 recorded by those whose members' efforts were concentrated on farming activities only.
ANOVA results also show that significant differences exist in the mean gross income of farm households that derived their income from different mix of labour use, income generating assets and remittances at 10% level of significance. Result of Duncan multiple range tests show that the mean income of those households that relied solely on their members labour, on the average, is significantly lower at p < 0.05 than the average income of those households that, in addition to their members labour, also owned some income generating assets. Evidence in respect of farm households that received some remittances, however, showed that such receipt did not significantly raise the affected farm households' gross income above what was obtained by other comparable households without such remittances. Overall, results on Table 4 provide some important insight into appropriate strategies for raising income level among rural farm households in the study area. First, some level of household labour use diversification both within agriculture and into off-farm activities might be necessary, not only for income risk reduction, but also for significant increases in rural farm households' income. Note that apart from the seasonal nature of agricultural production in Nigeria, the fact that most farm households operates small landholdings make off-farm diversification almost inevitable if full employment is to be guaranteed. Second, the fact that those households whose members were able to gain access to paid employment, recorded significantly higher income than their peers whose members could not suggests that creation of appropriate opportunities for the establishment of industries and other employment generating institutions in the rural areas may be a veritable strategy for raising rural household income. Furthermore, given that farm households that owned some income generating assets earned significantly higher income than their peers who do not, governments' may have to come up with policies and programmes that provide support for wealth creation among the rural folks as part of its overall poverty eradication strategies.
Econometric results
The central theme of this study has been to examine the implications of off-farm labour supply by members of farm household on household production efficiency. The results, based on specification and joint estimation of a conditional revenue function and a production (economic) inefficiency model using the parametric -Stochastic Frontier approach of Battesse and Coelli (1995) is presented Table 5 .
Evidence from the generalised likelihood ratio test of the one-sided error term confirms that substantial inefficiency exists in the allocation of production resources, including labour, by farm households in the sample, and by extension the study area: The calculated Chi-square value was 235.4 as against the critical value of 32.00 at p < 0.01 and 16 degrees of freedom. This shows that the OLS version of the conditional revenue frontiers is not an adequate representation of the study data. The joint MLE of the revenue frontier and inefficiency model is therefore, a much more appropriate framework for analysing the production systems of farm household in the study area.
The coefficient of gamma (γ = σ U 2 /(σ V 2 + σ U 2 ), which measures the proportion of the total variance (σ 2 = σ V 2 + σ U 2 ) that is due to inefficiency in the production system was found to be 0.99 and is significant at p < 0.01. This shows clearly that variation in income of farm households in the study area, conditional on their resource endowment, is predominantly due to inefficiency in their allocation of production resources.
Income response to resource use and prices
The top part of Table 5 presents coefficients of explanatory variables in the conditional revenue frontier of farm households in the study area; which are the partial income (revenue) elasticity with respect to changes the variables in the model. Virtually all the variables except LNPYAM, LNTLAND and LNCHLAB were associated with the apriori expected positive signs, meaning that increase in their values is associated with increase in farm household income. Examination of t-ratio associated with the coefficients of variables in the MLE version of the conditional revenue frontiers shows that it is only the influence of five variables -LNPOIL, LNCLAND, LNANU, LNHRLAB and LNADLAB that were significant. Only one out of the five variables depicting vector of prices, LNPOIL (price of palm oil, proxy for price of output from tree crops), had coefficient that was significant at p < 0.05. The non-significance of coefficient of other price variables may be because the study was based on a cross-section data, typically characterised by minimal level of variation in prices across observation points. The coefficient of LNPOIL is 0.43, which shows that 1% increase in the farm gate price of products from tree crops (specifically, oil palm: which was the most widely cultivated tree crops by farm households in the study area) is associated with about 0.43% increase in income of farm households.
Two out of the three coefficients associated with variables on farm size, LNCLAND and LNANU representing size of land devoted to arable crops production and stock of livestock raised by the farm households respectively, were positive and significant at p < 0.01. This shows that increase in size of arable crops and livestock farms raised by the farm households are associated with significant increases in their income. One NOTE: ***, ** and * imply the associated coefficients are significant at 1%, 5% and 10% levels respectively.
per cent increase in farmland devoted to arable crops production is associated with about 0.71% increase in farm household income. Similar increase in stock of livestock was found to be associated with about 0.08% increase in farm household income. The fact that coefficient of LNTLAND (size of farmland devoted to tree crops production) is negative and not significant suggests that further increase in size of tree crop farm being cultivated by an average farm household in the sample, ceteris paribus, may not results in improvement in her income. Focusing on the use of modern inputs / capital items like fertilizer (LNFERT), tractors services (LNTRACT) and intermediate inputs like seed, feed, etc. (LNMATCOS), results on Table 5 shows that none of the associated coefficients was significant even at p < 0.10. This outcome is not unlikely to be because the use of these inputs by farm households in the study area was very limited, and probably not in line with recommendations. It is also worthy of note that majority of the rural farm households in the sample that raised livestock kept their animals on a free range system, with little or no feed provided. The results with respect to labour use shows that farm household income is significantly affected by hired labour use (HRLAB) and numbers of economically active adults in the household (LNADLAB). One per cent increase in hired labour use is associated with about 0.01% increase in income while similar increase in the number of economically active adults in the household is associated with about 0.11% increase in farm household income. Table 6 presents selected indicators of production (income) response to changes in various factors. It shows that partial elasticity of output response was highest with respect to increase in arable crop land cultivated, followed the number of economically active adults in the households. The overall elasticity of output response (return to scale) was found to be 0.949; meaning that 1% increase in use of all factors will lead to about 0.95% increase in farm household income.
Comparing the value of marginal products of the various factors, evaluated at the geometric mean of the variables in the revenue frontier with the estimated unit cost of each input, evidence on Table 6 suggests excessive use of both household and hired labour in the production system. Note, for example, that at the margin, ₦1.00 spent in employing hired labour yielded a marginal income of just about ₦0.63, while an increase in the number of economically active adult in the farm household by one person will only cause income to be raised, at the margin, by N13, 954 per year showing that labour use in their production system is excessive. Contrarily, marginal returns to the use of modern inputs like fertilizer, tractor services and intermediate materials were all greater than the respective unit factor costs, showing that capital items were underutilised.
The main implication of these results is that farm household would fare better if they employ more capital items and reduce the level of their labour use in their production system. It also points to the possibility that massive rural out-migration by youths in the study area might be a response to poor marginal returns to labour use in both farm and off-farm activities in the study area. Table 7 presents the distribution of the efficiency indices a computed for each farm household in the sample. It shows that most (70.5%) of the farm households had production efficiency index that was below 0.2 with a mean of 0.18. It thus imply that an average farm household in the sample can have her income raised by more than five times the present level if the limiting factors are mitigated.
Production efficiency estimates
Comparing the production efficiency indices across farm household categories based on whether their members participated or did not participate in the rural non-farm sector, results on Table 7 shows that an average household whose members participated in off-farm activities was significantly (p < 0.01) more efficient (PE = 0.2114) than her counterpart whose members focused their attention only on activities in the farm sector (PE = 0.1374). It thus imply that access to off-farm employment opportunities can, ceteris paribus, help raise production efficiency of rural farm households in the study area. The efficiency gain can enable such farm households to regain as much as 7.4% of the frontier (potential) income or 53.9% of what would have been obtained if their members did not participate in off-farm activities. Std. error of mean 0.0073 0.0095 0.0061 NOTE: The calculated t-value in a test of difference between the mean production efficiency of the two categories of farm households was 6.18 as against a critical t-value of 2.58 at p < 0.01 and 487 degree of freedom.
Determinants of inefficiency in the production system
The lower section of Table 5 presents coefficients of variables in the inefficiency equation and their associated t-ratios. It shows that coefficients associated with five out of the 14 variables -PTREE, PFREHOLD, SIMPSON, ASSETINC and POFFFAM were significant. Coefficient of PTREE is negative and significant at p < 0.01 level, which means that the higher the proportion of the cultivated farmland devoted to tree crops production the lower is the inefficiency in the production system adopted by farm households. This result may appear to be a sharp contrast to earlier evidence that coefficient of LNTLAND (area of land devoted to tree crops production) was negative and insignificant in the revenue frontier. However, the import of these results is that while raising areas of land devoted to tree crops production when all other things are held constant would bring no improvement to household income, converting some areas of land from arable to tree crops production would lead to significant improvement in household income. This evidence would suggest that the tendency to convert tree crop estates to arable crop farms in search of short-term funds, would amount to greater inefficiency in farm households' resource use. It is instructive to note that, until very recent times, the proportion of arable land devoted to permanent crops production in Nigeria had been on a steady decline, dropping from about 9.1% in 1980 steadily to about 8. 36% in 1995 36% in (FAO, 2014 . However, the trend is being reversed in recent times, with total area devoted to permanent crops growing from about 3 million hectares in 1995 to 3.2 million hectares in 2011 (FAO, 2014) in response to policy reforms. Focusing on other variables in the inefficiency model, results on Table 5 show that coefficient of PFREEHOLD as well as SIMPSON (Simpson index, measuring the extent of farm fragmentation) were positive and significant at p < 0.01. This shows that cultivation of fragmented landholdings by rural farm households and increase in rights on land are associated with significant increases in inefficiency in the production system. The results in respect of farm fragmentation is not unexpected: evidence in literature (e.g. Blarel et al., 1992) have shown, among others, that cultivation of fragmented landholdings raises operation costs, leads to loss of time spent commuting between parcels, makes mechanisation (and therefore, deriving the associated economies of size) difficult.
The fact that farm households with higher level of rights / control on their farmland were associated with significantly higher level of inefficiency, however, goes against apriori expectations. A-priori, it is expected that farm households that enjoys greater security on their farmland are more likely to invest on land development, which could make such households to operate at higher levels of production efficiency (Chavas et al., 2005) . This outcome may however, not be unconnected with the fact that most freely held land by farm households in the study area was acquired by inheritance. Meanwhile, land tenure system dominated by land ownership through inheritance has been a major cause of farm fragmentation in Africa (Blarel et al., 1992) .
Coefficients of ASSETINC and POFFFARM were significant and associated with negative signs indicating that an increase in each of these variables is associated with lower production inefficiency. In other words, raising the level of income that rural farm household derive from non-labour sources, particularly income yielding assets and off-farm activities, raises production efficiency of rural farm households. This outcome supports suggestions in literature (e.g. Chavas et al., 2005; Hazell and Hojjati, 1995) that in the presence of poorly functioning capital markets, cash from off-farm earnings (including asset income and off-farm employment income) can help stimulate farm investments and improve agricultural productivity.
Meanwhile, coefficient of REMITTA (remittances received from members of rural farm families that have migrated to the urban centre) was not significant even at p < 0.10. This shows that while increase in off-farm earnings and asset income enhances production efficiency of rural farm households in the study area, increase in the quantum of remittances they receive from their members that have migrated away to the urban centre exercise insignificant influence on their production efficiency. It is also instructive to note that coefficient of LOANGOT (amount of credit secured by the rural farm households, which was predominantly from informal sources) is also not significant; although it is associated with the desirable negative sign that suggests that access to credits tends to lower production inefficiency.
Overall, analysis of production system of rural farm households in the study area shows that substantial inefficiency exists in their allocation of production resources. Labour, including household and hired labour, is over-utilised, while modern inputs like fertilizer, tractor services, etc. are underutilised. The level of the rural farm households' production efficiency is enhanced by adoption of a diversified portfolio of income sources vis-à-vis diversification of labour use to include farm and off-farm activities, raising proportion of tree crops on their farms and investment in income yielding assets. It is instructive to note that relative influence of within farm sector diversification (e.g. raising the shares of tree crops and livestock in the farm holdings) is much stronger than the influence of diversification into off-farm labour supply. A plausible explanation for this is the fact that rates of returns to household labour use in most of the available rural non-farm activities is much lower than what obtains from labour supply/investment in tree cropping (mostly cash crops) and livestock production (Shittu, 2011) . Hence, observed diversification into rural non-farm economic activities in the area are largely out of necessity (distress-push) rather than as a response to remunerative wage employment and high return off-farm business opportunities (demand-pull).
Another important evidence is that production efficiency at the farm level is enhance if the farm households operates a much more consolidated landholdings, just as raising the proportion of leased land (as against freehold land) brings about greater production efficiency. Meanwhile, household composition and personal factors like education level, gender and nativity of household heads as well as gender/youth factors in the households exercise little or no influence on production efficiency of rural farm households in the study area.
Conclusions
This central theme of this study has been to examine the influence of off-farm labour supply among members of rural farm households on farm household production efficiency in Southwest Nigeria. The study was based on primary data collected from a cross-section of 489 rural farm households, drawn by multi-stage random sampling from Ogun and Oyo States, in the Southwest rain-forest zone of Nigeria. The data was analysed by descriptive and econometric techniques, including specification and estimation of a conditional revenue frontier and a production inefficiency equation.
The results showed that 47.1% of the rural farm households had some of their members involved in off-farm activities with a typical member devoting 34.3% of his/her work efforts to off farm activities, while off farm activities contributed 27.6% of a typical farm household's labour income (N282, 263.54 in 2005/2006) . Increase in off-farm labour supply was found to be associated with significant (p < 0.01) reduction in production in-efficiency among the rural farm households. The study also found that farm household production efficiency is significantly enhanced by increasing the share of tree crops and livestock in farm household farming activities, having access to land by leasing and operating a much more consolidated landholdings. However, remittances from rural out-migrants do not significantly affect rural farm household production efficiency.
Two main conclusions may be drawn from evidences in the study. First, availability of urban-type employment opportunities and increased participation of farm household members in the rural non-farm sector contribute significantly to farm household income and significantly enhance production efficiency. The patterns and returns to these off-farm activities, however, suggest they are economically motivated response to inadequate access to production resources and poverty within the rural farm sector. This is because returns to labour allocated to off-farm activities in the rural sector was found to be lower, on the average, than what obtains in agriculture. This shows that more attention still need to be focused at understanding and developing the rural non-farm sector in Nigeria to make activities in the sector much more rewarding and attractive to the unemployed/underemployed youths and landless households.
Second, substantial inefficiency exists in the allocation of production resources by farm households in the study area. Labour, including household and hired labour, is over utilised, while modern inputs like fertilizer, tractor services, etc. are underutilised. The level of the rural farm households' production efficiency is enhanced by adoption of a diversified portfolio of income sources vis-à-vis diversification of labour use to include farm and off-farm activities, raising proportion of tree crops and livestock on their farms, investment in income yielding assets, and by operating a much more consolidated landholding.
Endnotes a Efficiency estimates associated with the revenue frontier are estimates of overall economic efficiency. Meanwhile, the Battesse and Coelli (1995) version of the frontier model is such that allocative efficiency is imposed in an attempt to obtain an efficient and consistent estimates of the parameters of the model (See: Coelli, 1996: pg 6) . The implication of this is that efficiency estimates obtained may also be interpreted in the realm of technical efficiency.
